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1
RADIATION IMAGE DETECTION DEVICE

TECHNICAL FIELD

The present invention relates to a radiation 1mage detect-
ing device.

BACKGROUND ART

A photo-stimulable phosphor 1s excited by laser light
applied to the photo-stimulable phosphor, to emit light.
Reading devices are known that apply the laser light (exci-
tation light) to the photo-stimulable phosphor and convert
the light emitted from the photo-stimulable phosphor, into
an electric signal by a photodetecting element (e.g., cf.
Patent Literature 1).

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-
open Publication No. H06-130526

SUMMARY OF INVENTION

Technical Problem

It 1s an object of the present invention to provide a
radiation 1mage detecting device capable of preventing the
photodetecting element from detecting the excitation light.

Solution to Problem

A radiation 1mage detecting device according to one
aspect of the present invention is a radiation 1image detecting
device that detects tluorescence light emitted from a record-
ing medium with a radiation image recorded therein by
applying excitation light to the recording medium with the
radiation 1mage recorded therein. The radiation image
detecting device includes a photodetecting element that
detects the fluorescence light and a prism that 1s disposed so
as to be located on an optical path of the excitation light
traveling toward the recording medium and between the
photodetecting element and the recording medium. The
prism has, as surface thereof, a first face that 1s opposed to
the recording medium and a second face and a third face that
are mclined relative to the first face, and 1s disposed so that
the excitation light incident through the second face propa-
gates 1nside and 1s output from the first face and so that
reflection from the recording medium incident through the
first face propagates mnside and 1s output from the second
face or from the third face. The photodetecting element 1s
disposed so as to be opposed to a region different from a
region where the reflection from the recording medium 1s
output, in the surface of the prism.

In the radiation 1mage detecting device according to the
one aspect of the present invention, the excitation light 1s
incident through the second face not facing the recording
medium, mto the prism and 1s output from the first face. The
fluorescence light 1s incident through the first face into the
prism and propagates inside the prism to enter the photo-
detecting element. The reflection incident through the first
tace 1nto the prism 1s output from the second face or the third
face not facing the recording medium. The photodetecting
clement 1s disposed so as to be opposed to the region
different from the region where the reflection 1s output, 1n
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the surface of the prism. Therefore, 1t 1s hard for the
excitation light to enter the photodetecting element. This
radiation 1mage detecting device can prevent the photode-
tecting element from detecting the excitation light.

The third face may be a face that transmits the excitation
light, and the prism may be disposed so as to output the
reflection from the recording medium incident through the
first face, from the third face. In this case, the excitation light
incident through the second face 1s output from the first face
to be applied to the recording medium. The reflection
incident through the first face into the prism 1s output from
the third face. Since the photodetecting element 1s disposed
so as to be opposed to the region diflerent from the region
where the reflection 1s output, in the surface of the prism, 1t
1s hard for the excitation light to enter the photodetecting
clement. Therefore, the photodetecting element can be
surely prevented from detecting the excitation light.

The third face may be a face that reflects the excitation
light, and the prism may be disposed so that the excitation
light incident through the second face 1s reflected by the
third face and output from the first face and so that the
reflection from the recording medium incident through the
first face 1s output from the second face. In this case, the
excitation light incident through the second face 1s output
from the first face after retflected by the third face, and then
1s applied to the recording medium. The reflection incident
through the first face into the prism 1s output from the second
face. Since the photodetecting element 1s disposed so as to
be opposed to the region diflerent from the region where the
reflection 1s output, 1n the surface of the prism, it 1s hard for
the excitation light to enter the photodetecting element.
Theretfore, the photodetecting element can be surely pre-
vented from detecting the excitation light.

The photodetecting element may be disposed so as to be
opposed to a region different from a region where the
excitation light 1s incident, 1n the second face. In this case,
since the photodetecting element 1s disposed so as to be
opposed to the region different from the region where the
excitation light 1s incident, 1n the second face, 1t 1s hard for
the excitation light to enter the photodetecting element.
Therefore, the photodetecting element can be surely pre-
vented from detecting the excitation light.

The photodetecting element may be disposed so as to be
opposed to a region different from a region where the
reflection from the recording medium 1s output, in the third
face. In this case, since the photodetecting element 1is
disposed so as to be opposed to the region different from the
region where the reflection 1s output, in the third face, 1t 1s
hard for the excitation light to enter the photodetecting
clement. Therefore, the photodetecting element can be
surely prevented from detecting the excitation light.

The prism may have a fourth face that 1s opposed to the
first face as the surface, and the photodetecting element may
be disposed so as to be opposed to the fourth face. In this
case, since the photodetecting element 1s disposed so as to
be opposed to the fourth face, which 1s different from the
second face or the third face from which the excitation light
1s output, 1t 1s hard for the excitation light to enter the
photodetecting element. Therefore, the photodetecting ele-
ment can be surely prevented from detecting the excitation
light.

The photodetecting element includes a plurality of chan-
nels, each channel including a photodiode array that
includes a plurality of avalanche photodiodes to operate 1n
Geiger mode, and quenching resistors connected 1n series to
the respective avalanche photodiodes. In this case, 1t 1s hard
for the excitation light to enter the plurality of avalanche
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photodiodes. IT the excitation light 1s incident to the plurality
of avalanche photodiodes, not only the fluorescence light but
also the excitation light will be subjected to avalanche
multiplication. Since it 1s hard for the excitation light to
enter the plurality of avalanche photodiodes, this configu-
ration can minmimize influence of the excitation light that
could increase due to the avalanche multiplication.

tect of Invention

Advantageous E

The present invention can provide the radiation image
detecting device capable of preventing the photodetecting
clement from detecting the excitation light.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic configuration diagram showing a
radiation 1mage detecting device according to an embodi-
ment.

FIG. 2 1s a perspective view of a photodiode array
according to the embodiment.

FIG. 3 1s (a) a cross-sectional view taken along II-II and
viewed 1n a direction of arrows, of the photodiode array
shown 1n FIG. 2, and (b) a circuit diagram thereof.

FIG. 4 1s a circuit diagram of the photodiode array
according to the embodiment.

FIG. 5 1s a cross-sectional view of a prism.

FIG. 6 1s a cross-sectional view showing a modification
example of the prism.

FIG. 7 1s a cross-sectional view showing a modification
example of the prism.

FIG. 8 1s a schematic configuration diagram showing a
radiation 1image detecting device according to a modification
example of the embodiment.

FIG. 9 1s a cross-sectional view of a prism.

DESCRIPTION OF EMBODIMENTS

An embodiment of the present invention will be described
below 1n detail with reference to the accompanying draw-
ings. Identical elements or elements with 1dentical Tunction-
ality will be denoted by the same reference signs in the
description, without redundant description.

First, a configuration ol a radiation image detecting
device 20 according to the present embodiment will be
described with reference to FIG. 1. FIG. 1 1s a schematic
configuration diagram showing the radiation 1mage detect-
ing device according to the embodiment.

The radiation image detecting device 20 applies excitation

light EL to an 1imaging plate IP and detects fluorescence light
emitted thereby from the imaging plate IP. The imaging plate
IP 1s a recording medium with a radiation image recorded
therein. The wavelength of the fluorescence light emitted
from the imaging plate IP 1s different from the wavelength
of the excitation light.

The radiation 1mage detecting device 20 has an excitation
light source 2, a MEMS (Micro Electro Mechanical System)
mirror 3, a scan lens 4, a prism 3, and a photodetecting
clement 10. The photodetecting element 10 1s disposed so as
to be opposed to the prism 5.

The excitation light EL. emaitted from the excitation light
source 2 1s reflected by the MEMS mirror 3 and then passes
through the scan lens 4. The excitation light EL. having
passed through the scan lens 4 1s then incident into the prism
5. The prism 5 1s disposed on the optical path of the
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excitation light EL. The excitation light EL incident into the
prism 5 1s refracted 1n the prism 5 to be applied to the
imaging plate IP.

When the excitation light ELL 1s applied to the imaging,
plate IP, the fluorescence light 1s emitted from the 1maging
plate IP. The photodetecting element 10 detects the fluores-
cence light emitted from the imaging plate IP. The photo-
detecting element 10 ncludes a plurality of channels, each
of which includes a photodiode array 11. A configuration of
the photodiode array 11 according to the present embodi-
ment will be described below with reference to FIGS. 2 to
4.

FIG. 2 1s a perspective view of the photodiode array 11.
FIG. 3 1s (a) a cross-sectional view taken along II-II and
viewed 1n a direction of arrows, of the photodiode array
shown 1 FIG. 2 and (b) a circuit diagram thereof. FIG. 4 1s
a circuit diagram of the whole of the photodiode array.

In the photodiode array 11, a plurality of photodiodes D1
(ct. FIG. 4) are formed on an N-type (first conductivity type)
semiconductor substrate 1N.

Each individual photodiode D1 includes a P-type (second
conductivity type) first semiconductor region 1PA formed on
one surface side of the semiconductor substrate 1N, and a
P-type (second conductivity type) second semiconductor
region 1PB formed 1n the first semiconductor region 1PA.
The second semiconductor region 1PB has a higher impurity
concentration than the first semiconductor region 1PA. The
photodiode D1 includes a first electrode E1 electrically
connected to the semiconductor substrate 1N and a surface
clectrode E3 formed on the second semiconductor region
1PB. The planar shape of the first semiconductor region 1PA
1s quadrangular. The second semiconductor region 1PB 1is
located 1nside the first semiconductor region and the planar
shape thereof 1s quadrangular. The depth of the first semi-
conductor region 1PA is larger than that of the second
semiconductor region 1PB. The semiconductor substrate 1
in FIG. 3 shows one including the N-type semiconductor
substrate 1N and both of the P-type semiconductor regions
1PA, 1PB.

The photodiode array 11 includes a first retlector E2
consisting of a metal layer, and a resistive layer (quenching
resistor) R1, for each of the individual photodiodes D1. The
first reflector E2 1s formed through an insulating layer L (cf.
FIG. 3) on the semiconductor substrate 1N outside the first
semiconductor region 1PA. The resistive layer R1 includes
one end continuous to the surface electrode E3 and extends
along the surface of the insulating layer L on the first
semiconductor region 1PA. In FIG. 2, illustration of the
insulating layer L shown 1n FI1G. 3 1s omitted for clarification
ol structure.

The first reflector E2 1s comprised of a reflector E21
consisting of a metal layer with the planar shape of an
L-shape. The first reflector E21 (E2) located on the semi-
conductor region 1N 1s electrically 1solated from the surface
clectrode E3 of a ring shape having a first opening. Namely,
an anode and a cathode of the photodiode D1 are provided
with respective electrodes and one surface electrode E3 1s
clectrically separated from the first retlector E2. This makes
the first reflector E2 definitely distinguished from the surface
clectrode E3 and increases degrees of freedom of design for
arranging 1t at a location suitable for reflection. The other
end of the resistive layer R1 connected to each individual
photodiode D1 1s electrically connected, through a wiring
clectrode continuous to the resistive layer R1 1f necessary, to
a common signal readout line TL.

In FIG. 2, a pair of photodiodes (regions immediately
below the semiconductor regions 1PA) adjacent in a column
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direction both are connected though their respective resistive
layers R1 to the signal readout line TL extending in a row
direction. A plurality of pairs of photodiodes are connected
through their respective resistive layers R1 to one signal
readout line TL. A plurality of signal readout lines TL
extending 1n the row direction are disposed along the
column direction. A plurality of pairs of photodiodes are also
connected similarly through their respective resistive layers
R1 to each of the individual signal readout lines TL. All the
signal readout lines TL shown in FIG. 4 are connected
eventually to constitute the circuit as shown 1n FI1G. 4, as one
signal readout line TL 1n terms of circuitry.

The resistive layer R1 has the higher resistivity than the
surface electrode E3 to which the resistive layer R1 1s
connected, and has the higher resistivity than the first
reflector E2. Specifically, the resistive layer R1 1s comprised
of polysilicon and the rest electrodes and reflector all are
comprised of metal such as aluminum. When the semicon-
ductor substrate 1 1s comprised of Si, an electrode material
often used 1s AuGe/Ni1 or the like, besides aluminum. A
P-type impurity to be used 1n the case using S11s a Group 3
clement such as B and an N-type impurity to be used 1n that
case 1s a Group 5 element such as N, P, or As. A device may
be configured by replacing the N-type and P-type of con-
ductivity types of semiconductors with each other, while the
device can also function well. Examples of methods to be
used for adding these impurities include the diffusion
method and 10n implantation method.

A material of the 1insulating layer L to be used can be S10,
or SIN. A method to be used for forming the msulating layer
L., when the insulating layer L 1s comprised, for example, of
S10,,, can be the thermal oxidation method or the sputtering
method.

In the case of the above-described structure, a PN junction
1s constituted between the N-type semiconductor substrate
1IN and the P-type first semiconductor region 1PA, thereby
forming the photodiode D1. The semiconductor substrate
1N 1s electrically connected to the first electrode E1 which
1s formed on the back surface of the substrate. The first
semiconductor region WA 1s connected through the second
semiconductor region 1PB to the surface electrode E3. The
resistive layer R1 1s connected 1n series to the photodiode D1
(ci. FIG. 3 (b)).

In the photodiode array 11, each individual photodiode
D1 1s made to operate 1n Geiger mode. In Geiger mode, a
reverse voltage (reverse bias voltage) larger than the break-
down voltage of the photodiode D1 1s applied between the
anode and cathode of the photodiode D1. Namely, a (-)
clectric potential V1 1s applied to the anode and a (+) electric
potential V2 to the cathode. The polarities of these electric
potentials are relative ones, and it 1s also possible to set one
of the electric potentials to the ground potential.

The anode 1s the P-type semiconductor region 1PA and the
cathode the N-type semiconductor region 1N. The photo-
diode D1 functions as an avalanche photodiode. When light
(photons) 1s incident to the photodiode D1, photoelectric
conversion takes place inside the substrate to generate
photoelectrons. In a neighboring region AVC near the PN
junction interface 1n the P-type semiconductor region 1PA
shown 1 FIG. 3 (a), avalanche multiplication 1s 1induced,
and a group ol multiplied electrons flow toward the elec-
trode F1.

The first reflector E2 1s disposed on the surface of the
semiconductor substrate 1N outside the first semiconductor
region 1PA with the relatively low impurity concentration,
compared to the second semiconductor region 1PB. The
region of exposed surface of the semiconductor substrate 1N
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1s a dead space having little contribution to detection, for
incidence of light. The first reflector E2 retlects incident,
light and makes the reflected light incident to a second
reflector (e.g., an ner surface of a metal package or the
like). The second retlector again reflects the incident light to
cllectively guide the re-retlected light to the photodiodes D1.

The other ends of the resistive layers R1 connected to the
individual photodiodes D1 are electrically connected to the
common signal readout line TL along the surface of the
semiconductor substrate 1N. The plurality of photodiodes
D1 operate mm Geiger mode and each photodiode D1 1s
connected to the common signal readout line TL. For this
reason, when photons are simultaneously incident to the
plurality of photodiodes D1, outputs from the plurality of
photodiodes D1 are fed all to the common signal readout line
TL and are measured as a high-intensity signal according to
the number of mcident photons as a whole. A load resistor
to cause a voltage drop for readout of signal may be
connected to the signal readout line TL.

The above-described structure 1s the configuration of the
front-1lluminated photodiode array, and 1t 1s also possible to
adopt the configuration of the back-1lluminated photodiode
array. In this case, the thickness of the semiconductor
substrate 1N 1s made smaller and the back-side electrode E1
1s made as a transparent electrode. The back-side electrode
E1 may be disposed at another position (e.g., on the front
surface side of the substrate) on the semiconductor substrate
IN.

Next, a configuration of the prism 5 will be described with
reference to FIG. 5. FIG. 5 1s a cross-sectional view of the
prism. As shown 1n FIG. 5, the prism 5 has a cross section
of a trapezoid shape. The prism 5 includes, as surface
thereol, a pair of side faces 5¢, 5d opposed and parallel to
cach other, and a pair of side faces 3a, 5b opposed to each
other and extending so as to connect the pair of side faces 3¢,
5d. Fach of the side faces 5a, 54, 5¢, and 5d constitutes a
corresponding side of a trapezoid which 1s the cross-sec-
tional shape of the prism 5. The side face S¢ constitutes the
side of the larger length, out of the pair of sides parallel to
cach other 1n the trapezoid. The side face 5d constitutes the
side of the smaller length, out of the pair of sides parallel to
cach other 1n the trapezoid. The imaging plate IP 1s disposed
s0 as to be opposed to the prism 5. Namely, the prism 5 1s
opposed to the imaging plate IP. In more detail, the side face
Se (first Tace) of the prism 5 15 opposed to the imaging plate
IP. The side face 5d (fourth face) of the prism 5 1s opposed
to the photodetecting element 10. The side face 54 1s coated
with a coating (excitation light cut coating) for preventing,
the excitation light EL from being output from the prism 3.

The excitation light EL 1s incident through the side face
5a (second face) into the prism 3. Namely, the side face 5a
1s an incidence surface for the excitation light EL. The side
face 5a 1s not opposed to the imaging plate IP. The side face
5a 1s coated with an antireflection coating for preventing
reflection of the excitation light EL. The side face Sa 1s
inclined relative to the side face 5c¢. The side face 36 (third
face) opposed to the side face Sa 1s a face that transmits the
excitation light EL. The side face 55 1s also inclined relative
to the side face 5¢. The photodetecting element 10 1s
disposed so as to be opposed to the side face 5d of the prism
5. The photodetecting element 10 detects the fluorescence
light FL.

In the radiation image detecting device 20, when the
excitation light EL 1s incident through the side face 5q into
the prism 5, the excitation light ELL propagates inside the
prism 5 and 1s output from the side face 5¢. Namely, the
prism 5 1s configured so as to output the excitation light EL
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incident through the side face 5a, from the side face 5c. The
excitation light EL output from the side face 5¢ (prism 5) 1s
applied to the imaging plate IP. When the imaging plate 1P
1s wrradiated with the excitation light EL, the imaging plate
IP emits the fluorescence light FL.. The photodetecting
clement 10 1s disposed so as to be opposed to the side face
5d of the prism 5. The fluorescence light FLL 1s incident
through the side face 5¢ into the prism 5. The fluorescence
light FL incident 1nto the prism 5 propagates inside the prism
5 and 1s output from the side face 5d. Namely, the prism 3
1s also configured so as to output the fluorescence light FL
incident through the side face 5S¢, from the side face 5d. The
fluorescence light FL output from the side face 54 (prism 5)
1s 1ncident to the photodetecting element 10 to be detected
by the photodetecting element 10. The excitation light EL as
reflection from the imaging plate IP 1s incident through the
side face 5¢ 1nto the prism 5. The reflection (excitation light
EL) incident into the prism 5 propagates inside the prism 3
and 1s output from the side face 5b. Namely, the prism 5 1s
also configured so as to output the retlection (excitation light
EL) incident through the side face 5¢, from the side face 55.

In the radiation 1mage detecting device 20, as described
above, the prism 3 1s located between the imaging plate 1P
and the photodetecting element 10. The prism 3 1s disposed
so that the excitation light EL incident through the side face
5a 1s output from the side face 5¢ and so that the reflection
incident through the side face 5¢ 1s output from the side face
5b. The 1maging plate IP 1s iwrradiated with the excitation
light EL output from the side face Sc. The fluorescence light
FL emitted from the imaging plate IP 1s incident through the
side Tace 5S¢ mto the prism 5. The prism 5 1s disposed so that
the fluorescence light FL incident through the side face 5¢ 1s
output from the side face 5d. The prism 5 outputs the
excitation light EL and the fluorescence light FL. from the
different side faces 3b, 3¢, 5d. The prism 5 makes the
excitation light EL travel not toward the side face 5d to
which the photodetecting element 10 1s opposed, but toward
the side face 556 to which the photodetecting element 10 1s
not opposed. The excitation light EL 1s output from the
prism 5 1nto a direction different from the direction of output
of the fluorescence light FL. Since the photodetecting ele-
ment 10 1s not disposed so as to be opposed to the side face
5b from which the excitation light EL 1s output, but disposed
so as to be opposed to the side face 34 from which the
fluorescence light FL 1s output, it 1s hard for the excitation
light to enter the photodetecting element 10. Therefore, the
photodetecting element 10 can be prevented from detecting,
the excitation light EL. Since the side face 54 of the prism
5 1s coated with the excitation light cut coating, the photo-
detecting element 10 can be further prevented from detect-
ing the excitation light EL.

The embodiment of the present invention was described
above, but it should be noted that the present invention 1s by
no means intended to be limited only to the above embodi-
ment.

For example, as shown 1n FIG. 6, the side face 56 may be
a face that reflects the excitation light EL. The side face 556
1s coated with a coating (reflective coating) for reflecting the
excitation light EL, whereby the side face 56 serves as a face
to retlect the excitation light EL. In this case as well, when
the excitation light EL 1s incident through the side face 3a
into the prism 5, the excitation light EL propagates 1nside the
prism 5 and 1s reflected by the side face 5b. The excitation
light EL reflected by the side face 356 1s output from the side
tace 5¢. Namely, the prism 5 1s configured so as to reflect the
excitation light EL incident through the side face 3a, by the
side face 5b6 and output the excitation light EL from the side
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face Sc. The imaging plate IP 1s irradiated with the excitation
light EL output from the side face 5¢ (prism 5). When the
imaging plate IP 1s 1rradiated with the excitation light EL,
the 1imaging plate IP emits the fluorescence light FL.. The
fluorescence light FLL incident 1nto the prism 5 propagates
inside the prism 5 and is output from the side face 5d. The
fluorescence light FL. output from the side face 34 (prism 5)
1s 1ncident to the photodetecting element 10 to be detected
by the photodetecting element 10. The excitation light EL as
reflection from the 1maging plate IP 1s incident through the
side face 5¢ into the prism 3. The reflection (excitation light
EL) incident into the prism 5 propagates inside the prism 5
and 1s output from the side face 5a. Namely, the prism 5 1s
also configured so as to output the reflection (excitation light
EL) incident through the side face 5S¢, from the side face 5a.
The prism 3 1s disposed so that the excitation light EL
incident through the side face 5a nto the prism 3 1s output
from the side face 5S¢ and so that the reflection incident
through the side face 5¢ 1s output from the side face 5a. The
prism 5 outputs the excitation light EL and the fluorescence
light FL from the different side faces 5a, 5¢, 5d. The prism
5 makes the excitation light EL travel not toward the side
face 5d to which the photodetecting element 10 1s opposed.,
but toward the side face 5a to which the photodetecting
clement 10 1s not opposed. The excitation light EL 1s output
from the prism 3 1nto a direction diflerent from the direction
of output of the fluorescence light FL. Since the photode-
tecting element 10 1s not disposed so as to be opposed to the
side face Sa from which the excitation light EL 1s output, but
disposed so as to be opposed to the side face 54 from which
the fluorescence light FL 1s output, 1t 1s hard for the
excitation light to enter the photodetecting element 10.
Theretfore, the photodetecting element 10 can be prevented
from detecting the excitation light EL.

For example, as shown 1in FIG. 7, the side face 54 may be
of a lens shape. In this case as well, the prism 35 makes the
excitation light EL travel not toward the side face 5d to
which the photodetecting element 10 1s opposed, but toward
the side face 556 to which the photodetecting element 10 1s
not opposed. The excitation light EL 1s output from the
prism S 1nto a direction different from the direction of output
of the fluorescence light FL. Since the photodetecting ele-
ment 10 1s not disposed so as to be opposed to the side face
5b from which the excitation light EL 1s output, but disposed
so as to be opposed to the side face 54 from which the
fluorescence light FL 1s output, 1t 1s hard for the excitation
light to enter the photodetecting element 10. Since the side
face 5d 1s of the lens shape, 1t can improve light condensing
clliciency of the fluorescence light FL.

In the above embodiment, the prism 5 has the cross
section of the trapezoid shape, but the cross-sectional shape
of the prism 3 does not have to be limited only to the
trapezoid. For example, as shown 1n FIG. 8, the cross section
of the prism 5 may be a triangular shape. In this case, the
prism 5 1s of a triangular prism shape. The radiation 1image
detecting device 20 shown 1n FIG. 8 has the excitation light
source 2, the MEMS muirror 3, the scan lens 4, the prism 5,
and a plurality of photodetecting elements 10. In the present
modification example, the radiation 1image detecting device
20 has a pair of photodetecting elements 10.

FIG. 9 shows a cross-sectional view of the prism 5. The
prism 5 has three side faces 5a, 5b, and 5¢. Each of the side
faces 3a, 3b, and 3¢ constitutes a corresponding side of a
triangle being the cross-sectional shape of the prism 5. The
side face 5¢ constitutes the side with the longest length 1n the
foregoing triangle. The side face 5c¢ 1s opposed to the
imaging plate IP. The excitation light EL 1s incident through
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the side face 5a into the prism 5. Namely, the side face 5a
1s an entrance surtace for the excitation light EL. The pair of
photodetecting elements 10 are disposed near a connection
region between the side face 5a and the side face 556 (at
respective positions opposite to the imaging plate IP). One
photodetecting element 10 1s disposed in the vicinity of a
corner made by the side face 5a and the side face 55, on the
side face 3a. The photodetecting element 10 1s disposed so
as to be opposed to a region different from a region where
the excitation light 1s incident, in the side face 5a. The other
photodetecting element 10 1s disposed so as to be opposed
to a region diflerent from a region where the excitation light
1s output, in the side face Sb.

When the excitation light EL 1s incident through the side
face 5a into the prism 5, the excitation light EL propagates
inside the prism 5 and 1s output from the side face 5c.
Namely, the prism 5 1s configured so as to output the
excitation light EL incident through the side face 3a, from
the side face Sc¢. The imaging plate IP 1s wrradiated with the
excitation light EL output from the side face 5¢ (prism 5).
When imaging plate IP 1s irradiated with the excitation light
EL, the imaging plate IP emaits the fluorescence light FL.. The
fluorescence light FL 1s incident through the side face 5¢ into
the prism 5. The fluorescence light FL. incident into the
prism 5 propagates inside the prism 5 and is output from the
side face 5q and from the side face 55. Namely, the prism 5
1s also configured so as to output the fluorescence light FL
incident through the side face 5S¢, from the side face Sa and
from the side face 5b. The tluorescence light FL output from
the side face 5aq and from the side face 5b (prism 3) 1s
incident to the corresponding photodetecting elements 10 to
be detected by the respective photodetecting elements 10.
The excitation light EL as reflection from the imaging plate
IP 1s incident through the side face 5¢ into the prism 3. The
reflection (excitation light EL) incident into the prism 3
propagates inside the prism 5 and 1s output from the side
tace 5b. Namely, the prism 3 1s also configured so as to
output the reflection (excitation light EL) incident through
the side face 5¢, from the side face 554.

In the present modification example as well, as described
above, the prism 5 1s disposed so that the excitation light EL
incident through the side face Sa into the prism 5 1s output
from the side face 5¢ and so that the reflection 1ncident into
the prism 5 1s output from the side face 5b. The 1imaging
plate IP 1s irradiated with the excitation light EL output from
the side face Sc¢. The fluorescence light FL. emitted from the
imaging plate IP 1s incident through the side face 5¢ 1nto the
prism 5. The prism 5 outputs the fluorescence light FL
incident through the side face 3¢, from each of the side faces
5a and 5b. The prism 5 outputs the excitation light EL and
the fluorescence light FL from the different side faces 5a, 356,
and Sc. The prism 5 makes the excitation light EL travel not
toward the region to which the photodetecting element 10 1s
opposed, but toward the region to which the photodetecting
clement 10 1s not opposed, 1n the side face 5b. The excitation
light EL 1s output from the prism 5 into a direction different
from the direction of output of the fluorescence light FL.
Since the photodetecting element 10 1s not disposed so as to
be opposed to the region from which the excitation light EL
1s output, but disposed so as to be opposed to the region from
which the fluorescence light FL 1s output, 1n the side face 55,
it 1s hard for the excitation light to enter the photodetecting
clement 10. Since the photodetecting element 10 1s not
disposed so as to be opposed to the region from which the
excitation light EL 1s output, but disposed so as to be
opposed to the region from which the fluorescence light FL
1s output, in the side face 5a as well, it 1s hard for the
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excitation light to enter the photodetecting element 10.
Therefore, the photodetecting elements 10 can be prevented
from detecting the excitation light EL. The pair of photo-
detecting elements 10 are disposed in the vicinity of the
connection region between the side face Sa and the side face
5b (near the corner made by the side face Sa and the side
face 5b), 1n the prism 5.

In the above embodiment and modification examples, the
photodetecting element 10 includes a plurality of channels,
cach channel including the photodiode array 11 that includes
the plurality of avalanche photodiodes to operate in Geiger
mode, and the quenching resistors connected 1n series to the
respective avalanche photodiodes. In the radiation image
detecting devices 20 of the embodiment and modification
examples, the excitation light EL 1s output from the region
ofl the region to which the photodetecting element 10 1s
opposed, 1in the prism 5. For this reason, 1t 1s hard for the
excitation light EL to enter the plurality of avalanche pho-
todiodes. If the excitation light 1s incident to the plurality of
avalanche photodiodes, not only the fluorescence light but
also the excitation light will be subjected to avalanche
multiplication. Since it 1s hard for the excitation light EL to
enter the plurality of avalanche photodiodes, it 1s feasible to
minimize influence of the excitation light ELL that could
increase due to the avalanche multiplication.

INDUSTRIAL APPLICABILITY

The present invention 1s applicable to the radiation 1mage
detecting devices which detect fluorescence light emitted
from a recording medium with a radiation 1mage recorded
therein.

REFERENCE SIGNS LIST

1 semiconductor substrate; 2 excitation light source; 3
MEMS mirror; 4 scan lens; 5 prism; 10 photodetecting
clement; 11 photodiode array; 20 radiation 1mage detecting
device; EL excitation light; FL fluorescence light; IP imag-
ing plate.

The mvention claimed 1s:

1. A radiation 1mage detecting device configured to detect
fluorescence light emitted from a recording medium with a
radiation 1mage recorded therein by applying excitation light
to the recording medium, comprising:

a photodetecting element that detects the fluorescence

light; and

a prism that 1s disposed so as to be located on an optical

path of the excitation light traveling toward the record-
ing medium and between the photodetecting element
and the recording medium,

wherein the prism includes, as surface thereof, a first

surface that 1s opposed to the recording medium and a
second surface and a third surface that are inclined
relative to the first surface, the prism being disposed so
that the excitation light incident through the second
surface propagates mside and 1s output from the first
surface and so that reflection from the recording
medium incident through the first surface propagates
inside and 1s output from the second surface or from the
third surtface, and

wherein the photodetecting element 1s disposed so as to be

opposed to a region diflerent from a region where the
reflection from the recording medium is output, in the
surface of the prism.

2. The radiation image detecting device according to
claim 1,
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wherein the third surface i1s a surface that transmits the
excitation light, and
wherein the prism 1s disposed so as to output the reflection
from the recording medium incident through the first
surface, from the third surface.
3. The radiation image detecting device according to
claim 1,
wherein the third surface 1s a surface that reflects the
excitation light, and
wherein the prism 1s disposed so that the excitation light
incident through the second surface is reflected by the
third surface and output from the first surface and so
that the reflection from the recording medium incident
through the first surface i1s output from the second
surface.
4. The radiation image detecting device according to
claim 1,
wherein the photodetecting element 1s disposed so as to be

opposed to a region different from a region where the
excitation light 1s incident, 1n the second surface.
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5. The radiation 1mage detecting device according to

claim 1,

wherein the photodetecting element 1s disposed so as to be
opposed to a region diflerent from a region where the
reflection from the recording medium is output, in the
third surface.
6. The radiation image detecting device according to
claim 1,
wherein the prism includes a fourth surface that 1is
opposed to the first surface as the surface, and
wherein the photodetecting element 1s disposed so as to be
opposed to the fourth surface.
7. The radiation image detecting device according to
claim 1,
wherein the photodetecting element comprises a plurality
of channels, each channel comprising a photodiode
array that includes a plurality of avalanche photodiodes
to operate 1 Geiger mode, and quenching resistors
connected 1n series to the respective avalanche photo-

diodes.
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